ELECTROSTATI C DI SCHARGE DEVI CE AND METHOD FOR MANUFACTURI NG THE SAME
Technical Field The invention concerns conductive and dissipative

el ect r ostwbize1odissoihar ge (ESD) devi ces, al so known as antcsiag2om/messiices and
a nethod for manufacturing them using conductive paths of | ow cost
particles in a curable nonconductive matrix. Background of the invention
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ESD Assoﬂaakg@anﬁm@ﬁ.danmlg) has published 35 standards covering ESD in
the el ectronics environnent. CENELEC has issued a European electrostatic
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accumulating negative charge. The process of safely discharging electrostatic charges or

preventing or minimizing their occurrence, e.g. in a manufacturing or workplace environment,
is accomplished through ESD devices. These devices have the effect of reducing static

15  electricity charges on a person's body or equipment, for example to prevent fires and
explosions when working with flammable liquids and gases, or to prevent damage to static-

sensitive objects such as electronic components or devices.

The term Electrostatic discharge (ESD) device as used here includes conductive and

dissipative devices, films and adhesives There are many standards relating to ESD . The ESD
20  Association (www.esda.org) has published 35 standards covering ESD in the electronics

environment. CENELEC has issued a European electrostatic standard EN100015 - Protection

of Electrostatic Sensitive Devices.

ESD devices have many areas of use, such as:

o ESD packaging devices including films, bags, and rigid structures used to contain
25 devices, such as graphics cards or hard disk drives under transport or storage. Such
films can also be used in the production of batteries or capacitors, forming a '
conductive barrier inside the battery or capacitor.

e ESD garment devices such as clothes and shoes, used in many workplaces.

o ESD agents or compounds used for treatment of materials or their surfaces in order to
- 30 reduce or eliminate build-up of static electricity



conductive barrier inside the battery or capacitor. ESD garnent devices
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10E5 ohms/square or a volume resistivity less than 1 x 10E4 ohm-cm.

e conductive material, resistance: A material that has a surface resistance of less than 1

x 10E4 ohms or a volume resistance of less than 1 x 10E4 ohms.

15 e conductive flooring material: A floor material that has a resistance to ground of less

than 1.0 x 10E6 ohms.

e dissipative floor material: Floor material that has a resistance to ground between 1.0 x

10E6 and 1.0 x 10E9 ohms.

e dissipative materials: A material that has a surface resistance greater than or equal to 1
20 X 10E4 ohms but less than 1 x10E11 ohms or a volume resistance greater than or equal
to 1 x 10E4 ohms but less than 1x10E11 ohms.

The present invention concerns conductive and dissipative ESD devices, and we use the
common term ESD device for these. The term “antistatic” is also a common synonym for
“electrostatic discharge”, e.g. used in “Antistatic device” as a synonym for ESD device; i.e.

25  we use the term ESD device as equivalent to antistatic device.

In the production of such conductive and dissipative devices like antistatic films and bags,
shoes, mats and floors, polymers are well suited for use at the outer surface. Other materials
that similarly can change viscosity during production are also suited. The materials are

manufactured into a film or a sheet which can be laminated or a liquid coating which can be
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15  nanotubes (CNTs). The materials can also be directionally conductive.

The electrically conductive or dissipative polymer films are usually produced by mixing the
filler material with a polymer resin and in order to have a conductive mixture the amount of
filler material must exceed the percolation threshold. Mixed systems have limited lifetime and
must be re-mixed prior to use. A common problem is that a film or layer even when
20  manufactured to a uniform thickness, will have non-uniform conductivity because the filler

material will not distribute evenly. The problem is well-known in polymer physics and stems
from the mutual incompatibilities of filler materials and polymer matrix, which means that
only small amount of fillers can be mixed with the matrix to lead to the stable mixture. Higher
amounts will macrophase separate with time. Therefore, this problem is fundamental in nature.

25 Moreover, the mixing process applied for higher filler quantities must be so vigorous that the

filler particles may get broken.

US 4269881 and US5348784 teaches the production of carpet products where conductive
fibres are mixed into the base of an adhesive. US4724187 teaches the similar for conductive

laminate flooring.
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In order to increase signal transmission capability or dissipative discharge without having to
15  increase the amount of conductive filler material, conductive films can be made anisotropic.
Anisotropic films can also be designed so that they have insulating properties in certain

directions.

In EP 1809716 is described a method for making a directionally conductive adhesive based on
CNTs. A tape having an insulation base and a parallel arrangement of CNTs acting as
20 electrical contact points is made by growing carbon CNTs on a material used in the tape or

arranging CNTs on the tape before adding the adhesive part to the tape.

In US 5429701 is described how electric interconnection between discreet individual
conductors of soft magnetic metal in two layers is achieved by adjoining the conductors by a
conductive adhesive. The adhesive have particles of soft magnetic metal and by applying a

25  magnetic field the particles can be gathered in an area between the conductors.

It is known that dipolar rigid asymmetric particles or molecules can be aligned by an electric

field; this is especially used for small molecular weight liquid crystals.

In these cases the material having permanent dipole moments is fluid under normal conditions,

a fact which makes electric field alignment possible.



In EP 1809716 is described a nethod for making a directionally conductive
adhesi ve based on CNTs. A tape having an insul ati on base and a parall el

arr angemew® 20fo/8Nlis acting as el ectrical contact pointspPcs/Nods/dy24gr oW Ng
carbon CNTs on a material used in thestape or arranging CNTs on the tape
before adding the adhesive part to the tape. In US 5429701 is descri bed how
el ectric interconnection between discreet individual conductors of soft
magneti c Aﬂ'ghed structurenof infisitde condactivessagbbrbyaradesilike N Tsheredawnvmdo bes by a

conduct| es esive have particles of soft magnetic netal and
by apply g%W§bW@FP&Vﬂ¥@faqfﬁﬁmﬁé¥FPW£E§ can be gathered in an area

bet ween the conduct ors. pol.a | tric particles
or nol ec@l ’@§th€§|§°1‘6@e F?“é’r‘i’é‘ﬁll 359""&}1%@%? 15i Sg‘o’f"’PéP 31§$8%7§2§?ﬂ%@8 |g5‘?‘P'§7“1§’ed
for small lc\ﬁedlﬁbfs tﬁélﬂ%&'o%l? M@ﬁﬁ& feadd B 4IP3 COASSAhnhBe BRMVA % al

havi ng pernanent | pol e noment urd under normal conditions,

whi chS mabexedireds ¢cangplétedl d al i gnment possi bl e. Ali gned structures of

i nfusi bl e conductive carbon particles, Iike CNTs, are known to be fornmed by
cheni cal Mbpegiof ONQewith diverse magerialsihagbeeh destiilsed i docurhentdvVO2006058242.dnowt h
of CNTs is shown in US 6837928. CNTs are grown in an electric field which
directs ffﬁéﬂ?scﬂp%% ENGsdorm Fotrppig FAXtUEe Wit é}i‘F’e’a‘a@NTs when the growi ng
procedure i s conpleted. Mxing of CNCs with diverse nmaterials has been
descri bedn dwuw@umomwecﬁg@mﬁelﬂﬁs nyeddo dnduse sigtering loRemopagicls ¢aabngopi ¢
mxture wth the matrix. In docunment WO2008009779 electric field is used to
i nduce siFleerit figld alignmeopeirqartsincnapoermier{§N (Direaterigl has bedndleaongtiatedhin of

carb nanocone s be ! tr

ool [ 5f oo SURERTE: O BR RS 4 PRASHERCERR BbESt Sy s ¥TRAR SR 81
11. In t hegrse4rtitiel ass sﬁow&tthMBcdd&ahateﬂﬂQﬁQj&&em silicéd oifl capfoimasictoh
silicon oil can forn1n1cron si.ze nanocone "fibres" when_a fijield_ of m ninmm

50 V/ nm pige a@mcpeej“ﬁbrﬁs vhe a figldod minimpysn 89 N(momisapRlied A grdgp fasformyfibres
fields of,; f Pﬁgqika>§95Wﬂﬁﬁl L &g Pol yner 2002, 43, 3079
ectric

"Alternatlng % uced aggl oner ati on of
In Schwarz et al. Polymer 2002, 43, 3079 “Alternating electric field induced agglomeration of

15  carbon black filled resins” it is reported how carbon black filled resins below zero-field
percolation threshold can form electrically conductive networks when a field of 400 V/cm is

applied between copper electrodes dipped into the resin.

US 20090038832 describes a method for forming an electrical path having a desired resistance
from carbon nanotubes dispersed in a curable polymer matrix. Electrodes are placed in contact

. 20  with the dispersion and electrical energy is applied to the carbon nanotubes until the desired
electrical resistance is reached. A pure semi-conducting connection can be achieved by
burning away metallic nanotubes that may be part of the carbon nanotube mixture, by

applying a current after the deposition. The polymer matrix is cured in order to fix the device.

A disadvantage with prior art is that carbon nanotubes are very expensive and difficult to

. 25  produce on an industrial scale. A dispersion of nanotubes is difficult to store and require
specific manufacturing steps like homogenation or sonication prior to application of the
dispersion to the substrate. The process of making holes in the polymer matrix to be filled by

conductive materials as described in US4101689A is also complicated.
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Fig. 5 a-c depicting aligned and cured conductive nanocone adhesives in in-plane geometry.

Fig. 6 shows aligned material with arbitrary alignment geometry and arbitrary electrode shape.

Fig. 7 illustrates “dendritic” structures maximizing the contact area between conductive item

15 and matrix.

Description of the invention

The invention provides for a method for forming an anisotropic conductive or dissipative film

20  comprising a nonconductive matrix mixed with conductive particles.

The present invention may be used both in a device, film or adhesive to t avoid buildup of
electrostatic charges and for a device which safely discharges if a person or object has been

electrostatically charged.

The conductive particles are infusible particles such as carbon particles or metal particles. The
- 25  conductive particles show low molecular or particle anisotropy which is the case with

spherical carbon black or disk-like carbon particles. The major part of the conductive particles
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ol ei:su | akn element of the invention is that conductive paths can be formed of low molecular
anisotropic particles like carbon black and disc like carbon particles at low electric field
strengths. This simplifies the production equipment and enables both larger surfaces and
thicker films to be produced. The carbon black and disc like carbon particles are considerably
cheaper than the carbon nanotubes (CNT) and can be produced in large quantities by industrial

20  methods.

Another element of the invention is that the amount of conductive particles may be below the
percolation threshold. This has several advantages in that mixtures having only small amounts
of conductive particles are less prone to macrophase separation and are thereby easier to store.
Also the mechanical strength of the anisotropic conductive film can be increased if the amount
25  of particles can be reduced. For UV cured films the curing process is more effective when the
amount of shielding particles is lower. Likewise the transparency of a film can be increased if
the amount of particles can be reduced. A lower amount of conductive particles is also a cost-

saving element.

The electric field can be created between electrodes that can be placed either in direct contact

30  with one or both sides of the layer or outside additional insulating layers, where the insulating
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store. t he. mechani.cal. engt h heals onductlv fi,l mcan
be i ncrél{ %dlrF‘i‘tlot“ ghl}frﬁ i‘f’{dp%ﬁibf’ﬂ% TR é)y(%éeaglg %rﬁ,ag% filns
the curi ﬂ&rm@aﬁedﬁ%nm& QEdBE LdntRcdIR Totnl RNBY 'ahgﬁtfd @Jﬁd@dtﬁrb partieddst i cl es
I's lower. Likew se the transparency of a filmcan be increased if the

anmound oﬁalplaﬁqumoésdcan be reduced. A |lower anmount of conductive particles
is also a costsaving elenment. The electric field can be created between
el ect r od@he ERBxdegeae dae bplcanteallediin Iti@rprbduqﬂiioneb;t vaypimgdactorsisueh antbe partiolst h

nsut at 1 AU AP el TR leplie et con ALy pREY RES DT o SRl MO ety

not be i p.ogith 20k VIQRIATL0MtTKV R éﬁ)’ﬁfoliw%ndleﬁl%ull?fin‘ﬂ{e drie cﬁmelcullw
field can be predeternmined by the el ectrode arrangenent and thereby the

directiofff the electric connections forned by the aligned conductive
particles can be controlled. The ESD degree can be controlled in the
produ@t i OFhis imyansathgtifnga f@dﬁabaﬁgmmin dasmntdn tharargelof 1fipm endmniehd vatage The

electrlcfleld |nt order 0 35 kV/cm rder of
0. 05 1o sEPlEdRanPe it the g 051 foviogry dibedeld fghzitpating (AC) Bl Piosan alene
order of p0, alrectJ(D@y eiefemc ﬁ'aa A FRAGE f%f@lai"s ah C ﬁelamvﬁ@la @équgﬁey%mmﬁ fance
in the range of nmto nm Tthe voltage applied can be in“the range of
0.1 to 1000 kd{z'ltyplcalilsel(ﬁinSo 40 kHlzt eY ertlow dregneicidsi el @iHzion D eldslead to
asymmetric chain formation and build up. The low voltage needed for applying the method is
15 simple to handle in a production line and does not need the specific arrangements necessary

when handling high voltages.

Thus, the present invention is based on the finding that it is possible to align conductive
particles in fluid-like polymer matrices using an electric field to form conductive pathways in
the fluid-like polymer matrices. The pathways are able to enhance the macroscopic

20  conductivity of the material. In particular, the formation of conductive pathways allows the
material to become conductive also when it contains a lower amount of conductive particles
than is otherwise necessary for creating electrical contact for the material having randomly
distributed particles. The amount of conductive particles in the polymer matrix could thereby

be reduced and can be up to 10 times lower than the percolation threshold, or even lower.

25  Moreover, this procedure renders anisotropic material and directional conductivity that is

higher along the alignment direction than perpendicular to it.

It is also possible to heal aligned conductive particle pathways, if the conductive pathways
have become defective or not properly aligned in the first step, the alignment step can be rerun

for the case that the stabilization step of the matrix is not yet performed or if the stabilization



be a direct (DC) electric field. Atypical field is an AC field having a
frequency of 10 Hz to 100 kHz, typically 10 Hz to 10 kHz . Very | ow
frequenciwe 261018142 or DC fields |l ead to asymmetric charaTiNo208EvG0ora1and
build up. The | ow voltage needed for applying the nethod is sinple to
handl e in a production line and does not need the specific arrangenents
necessary when handling high voltages. Thus, the present invention is based
on the fistediiswgpvedsite.iTthis lsasplosadvishtage thatfargristiog filros inder praparatios of the
fluid-like polyner. matrices usi an el ectri.c field to form conductive

pat hwayscPWPef’Hé“SP Fll?iHﬁ‘-"Fqu(@eeﬁiBIn?ﬂ@rbem{ﬁﬁé Sh-The pat hways are able to
enhance the macroscopi ¢ conductjvity of fhe material. Ir&, articujl.ar, the
for mat | oﬁtlépoma&weﬁm%%%am%a FFAigRmERt (Q1viglg disbapHte, akignfde: i ve
al so me%dlécufaq%?es%gu?e Ao%e&iv%rgyamesofrh&m{at eIk iIfGH SamipaBy bxvess

ot herw se necessary for creating electrical contact for the material having
r andof y helatatgr(elguppdlyss) vi by eemitildreatment (e.gfseleonvkistlvent). particles in the
pol ymer matrix could thereby be reduced and can be up to 10 tines | ower

t han t he The htabfict@imgtdfasisbwdmlc canduetienfilnmsndes nbbrequivethat theifdmpoonmguesn
renders anisotropic material and di reg%i onal conductivity that is higher

al ong t hés BIcPgRAEWth feredeqiodes. g MapuasRITRR ARPCEsS 643 fcontlpctpd ingt CRUBHRY p) e
to heal aQRSpCald el RoiBhikifitnaR Bt B té b siifGaleQi bl rtsuiphay s

have beco ctive or not properly aligned in first step, the

al i gnmenfilmt ep can be rerun for the case that the stabilization step of the
matrix is not yet perforned or if the stabilizationstep is reversible. This
has the adscmduetiye filhodf the presenititivengod mhilirbhavencbadugtiveatlevdys and thusmeay be
connections, the process needs not to be starfed.afresh, It is possible to
onove. s A UL CWERT PR e SPPER i UG aretcObld R RSB G o

ol ecul ap o MchbEfuchie LACIEQRFUTIV ¥sh Baidilid@Dnal B DidiRFRYRL, tha PrdentdAaitibR!
exanpl e by excess heating (e.g. pyrolysis) or by chemcal treatnent (e.g.

sel ect i vearsb¢ vsedtas anddecorrmathoila ot batierigs off capacitngs. ridyifdmocandgdamingteditp pthedoes

not require that the film.formn esin.is in gontact w.th.the, el ectrodes.
The nanuPIRGElA Phg SrdepuBtp prases, B et oL bR ot kg i of
fst epq s\nt S %Idnﬂibﬁd A5ing AldoABIEivE birllet Aholter abd RGS atatrierdo B1HBR kledir6lydd triiffeds
ree-standin
or as z(i:] replacement for any battery metalized electrode conductor in electrolyte solutions of

any sort.

In an embodiment of the invention the resin is removed fully or partly from the film after the
anisotropic conductive film has been manufactured and a substrate with free standing

20  conductive paths is achieved.

In another embodiment the polymer is used as an adhesive or in a lamination process.

Detailed description of the invention

The present invention will be described below with reference to examples and figures. It is to

25  be understood that the present invention is by no means limited to these examples and figures.

The method of the present invention is for manufacturing an ESD device which has at least
one anisotropic conductive layer comprising a mixture of a matrix and conductive particles.

The steps are:



film A conductive filmof the present invention will have conductive

pat hways and thus may be used as an electrical current collector and
connect twoabtwersif4il ns, which could be conductive or nomcTNORODiGOUEL AS

el ectron flow can be unidirectional o bidirectional, the present invention
can be used as anode or cathode in batteries or capacitors. The filmcan be
| am nated to other material by a heat |am nation process, heat sealed to
anot her non- corgluapplygpolayeresf themiktard ovet e first sirfacecofethbanBiDtdevisethader .

Anot her use is as a barrjer to_.bl ock el ectrolyte transfers or .

repl acenent for anjPilaFe aWngR Lt ViSeopity) ?}P%}ﬁﬁ”scti}ﬁﬂ “8?"?3”3?%5?‘} ol yte
sol utions of any sQuimntdwiRindfPRGEAENt of the invention the resin is
renoved fully or partly fromthe fil'mafter the anisotropic conductive film

has been manufactured and a substrate with free standing conductive paths

i s achi eved. | n tancpplingamhdetrie ficld beswensl tywealighmensdectipdenverthedayes sor i n
a | am nat i on proceg@;ﬁ%@'ar' %‘e{pgg\?sr\l‘gu'g e %?aff}tia‘és ér@%%igﬂé’f%h g JREes e

invention will be erénce exanples and f1 gures.

It is to be understRafing baidutlie: pitiesaR; i nvention is by no neans limted to
t hese exanples and figures. The nethod of the present invention is for
manuf acturing an ESD devi ce whi ¢ch has at | east one . anisotragpic conductive

| ayer conpri si ng-achanging e yrscosityal the layerdo @ saeAnd; visresity spidspernd Vitesity eps
are:a. applying a i {8 HASHYiScAUF in Srdbt fohecHahicalte stabilibdih

device, the m xt urg@iﬁg\%%fgergﬂ?i rst v?ls%o}s?l?tlil whi ch gl I ofsaﬂf?le lclondgg?%?\r/e
particles to rearr amdprese¢rvtrihe dohdudtivg pathways.appl yi ng an electric field

bet ween two alignnment el ectrodes, over the layer, so that a nunber of the

duct i i cl |i gned with field th ' i
pat niflys N Bh e 575 s b ) S el Bechle s E LR 0 BT

sai d secedfdraté sle@ddey The electrodes may also be remote and thus insulated from the mixture.

The method can be performed in a production line for ESD devices; the production line may

comprise the steps:
i.  Polymer resin is mixed with CB according to the present invention to form a matrix

15 ii.  the matrix is formed to a film, or an object is dipped in the matrix or it is sprayed on or

poured over
a. for films the layer has a thickness from 0.1 to 5 mm, preferably less than 3 mm.

b. for thin mats the layer has up to 3 cm in thickness, preferably less than 2 cm
in thickness

- 20 c. for thick mats the layer has up to 50 cm in thickness, preferably less than 5 cm
in thickness

ili.  an electrical field according to the present invention is applied
iv.  the matrix is cured, using e.g. UV light or heat
v.  optionally the matrix is reduced, so as to expose the conducting pathways

25 vi.  optionally steps ii to v is repeated



bei ng higher than the first viscosity in order to nechanically stabilise
the | ayer and preserve the conductive pathways. Note that the first surface
coul d be weadicasiam al i gnnent el ectrode, so there i s noroeadm/008E1a
separate el ectrode. The el ectrodes mam al so be renote and thus insul ated
fromthe m xture. The nethod can be perfornmed in a production line for ESD
devi ces; the production line may conprise the steps: i. Polyner resinis

m xed wi fThe GRtlagtandisodetperfolrmepmespnotudtivndineivadierd o coratuctive lager onwirgs.ar¢ he
matrix is formed to a film an obj.ect. is dipped in the matrix or it is
sprayed 3?1{’%?0";5‘6?}!3881’ W@Patﬁq'offhtgrpr? ye ni‘ﬂ%maﬁfg&pﬂﬁ% St%RPckness from 0.1
to 5 mm preferably less than 3 nm b. for thin mats the layer has up to 3
cmin thi ckne§Roxys atizehpith (Raccordingtophe presentinyeatinn dafosm FPatrx, ck mat s
the layer has up to 50 cmin thickness, preferably Iess than 5 cmin

t hi cknessii.i i theamatsixds farinedto # filih @r padeard wsgdas slusavimre senductiviebatveen i s
appligd iv. the matrix is cured i .. W light or heat v. optionall
t he trix is a}ygfjsuocrecgfnpsogengss&t%dr%ij%gg%nfﬁqe conducti ng pat hways vi . Y
optionally. steps,ij.t I s repeat edThe net hod. can _al.sq be perforned in a
productioﬁ“li elm{g}cgpgéiggﬁ%@ggg% CR BNV q'r°<5‘§5 BRI " pe connect ed or

| am nat ed, The production_|ipe ma nprise the steps: i. epoxy is m xed
with CB abcor deigatiy is ﬁ‘é‘eﬁr‘@g’@rﬂ“g'mmﬁ?ﬁp‘aﬁb forma matrix ii. the matrix
is formed to a filmor paste and used as gl ue where conductivity between

| ayers or conponents or wires are wanted iii. an electrical field according
to the present invention is applied iv. the matrix is cured, using e.g. W

light or Eggf%leE]xanpl el

10  This example concerns the preparation of a mixture of conductive particles and polymer
matrix which is a thermally cured polymer adhesive. It also shows the conductivity as a
function of particle load and how the step-like increase in conductivity with increasing particle
load can be explained by formation of conductive paths between particles when the contacts

are formed with increased particle fraction.

15  This example concerns moreover the preparation of the same mixture when the particle load is
low, for example 10 times less than the observed percolation threshold, the limit where the
isotropic non-aligned mixture is not conductive; as well as the alignment of this mixture using
electric field so that the aligned particles form conductive paths resulting in a conductive
material, whose conductivity is directional, for example below the percolation threshold of

20  non-aligned material. The example, moreover, shows the change of the viscosity of the
resulting material obtained, for instance by curing, so that the alignment and directional

conductivity obtained in the alignment step is maintained.

The employed conductive particles were CB from Alfa Aesar, CNC material from n-Tec AS
(Norway) and iron oxide (FeO-Fe;03) from Sigma-Aldrich.

25  The employed polymer matrix was a two component low viscosity adhesive formed by
combining Araldite® AY 105-1 (Huntsman Advanced Materials GmbH) with low viscosity
epoxy resin with Ren® HY 5160 (Vantico AG).



Thi s exanpl e concerns the preparation of a m xture of conductive particles
and polyner matrix which is a thermally cured pol yner adhesive. It also
shows t hewoanoustisity as a function of particle | oad amdTNoroidm@oBtiep-| i ke
increase in conductivity with increasi2ng particle | oad can be expl ai ned by
formati on of conductive paths between particles when the contacts are
formed with increased particle fraction. This exanpl e concerns noreover the
pr epar at iTha cofductiee patielesiweteunixedtiie thetadhespeer by stireing derd 0 minutes, Diioto thganpl e

10 tines_ | ess than {he observed per.col ation threshol he limt where the
i sotr opi Elgi‘o"ﬁscﬁﬁ%ﬁ‘ré@”%“ft ffh&‘epgg’ﬁ%‘?g BOSIRE P U0 %C/bqutl'/zs the al i gnment
of this mxture using electric field so that the aligned particles form

conduct i YgtiRald pefcBhbh tHEsHoldsIERIE iatdriads 8 REL Rol- W TeenikARENEEI Vity is
directional, for exanple bel ow the percol ation threshold of non-aligned

mat eri al corflvstivsahaye and insulagere belowribiaghreshold Hehegonductivity iy ductodhe y of the
resultin terial_ .obtai , i.nNst y curing, so that the alignnent
and reg?%ﬁg © RBHGGE i(g&'gfo@géeéilﬂ%dﬁ?%gtto ie alignnment step is naintai ned.
The enpl oyed conductive particles were CB from Al fa Aesar, CNC nateri al

f r om n- T&o ihGtlabdothedyrefaof aligrmmenxhel mafeals- were @) satnecmd Simgital yprdpared as ithe
enpl oyed polynmer nmatrix was a t\ivo conponent | ow viscosity adhesive forned
by conbi ﬁf’)?l‘@ bt tandimes lpyvennartipls laads Mgk W Advanced Material's GrbH) with
| ow viscosity epoxy resin with Ren(r) HY 5160 (Vantico AG . The conductive

par ti cl eg;pnerigudiatltusify &ﬁt&aﬂﬂk&ggru@spmesﬁixmg SThséeRiblizd of 02U Y CRE to the
hi gh viscosity of mxture, efficient mxing is possible only up to 20

vol - % Egpuiticles dispprsed vitathecramplecasdhesivisbedoret(Higs 4 Avand piten an elgctrigfield 2

vol Z ThF m xtturﬁs areﬁoqr}iﬂcti ve above and insul ators below this

thre {?ml & e e &8 8‘611'6?5(/i%'y I’'s due to the conductive particles and the
polymer is an insulator. To illustrate the benefit of alignnment, the

mat er i al Theecteniebosamie Gplied aliginsent Youynrotpianeigamndtry @b V€). dihis 4lggantentres
| ower particle | oads were used, Fig. illustrates, usi ng %)ti cal
mi cr ogr aBRAMehwantsedig cover seaduehye path distances fram. Yy ko centimeters,

preferentially to millimeters. For an out-of-plane alignment 2 mm x 3 cm wide layer of

material is injected between two conductive layers (a).

15  Mixture was aligned using an AC source to obtain aligned pathways (b). In this example the
alignment procedure 1 kHz AC-field (0.6-4 kV/cm (rms value)) was employed for 10 minutes

for >1 mm electrode spacing and <10 minutes for <1 mm electrode spacing.

The dependence of DC conductivity of 0.2 vol-% CNC particles dispersed into the adhesive
against the alignment time is shown in Fig. 2. The solid line is guide to eye.The curing was

| 20  performed immediately afterwards at 100 °C for 6 minutes.

The material remains aligned after curing and conductivity level obtained by alignment is

maintained.
Example 2

This example concerns versatile choice of alignment conditions and illustrates how the present
25  invention can be employed not only with electrodes connected to the orientation material but

also with electrodes electrically isolated from the material.



particles dispersed into the exanpl e adhesive before (Fig. 1A) and after an
electric field alignnent and curing (Fig. I1B). The schene shows the applied
al i gnmentwOauio/sinpl ane) geometry (Fig. 1C). This al i gnremNozemnm®dzyy was
used to cover conductive path distancBs from 10 mmto centineters,
preferentially to mllineters. For an out-of-plane alignment 2 mmx 3 cm

wi de |ayer of material is injected between two conductive |ayers (a).

M xt ur e Whe pedcedure ovas othegwisa siGlas ¢oithatin exavipleal fbutiinstgad df padtihgwmateriab) . | n

this exa Iethe al i nt.rocdr K Cfireld r

val vey) BesistsoragieP BORE S e Srds. B8 slepipafatert Sleeirtally offbrneiRa, o
m nutes fem ﬂie%xdi‘éﬁa?b?%'i&ﬂ&u%@%élem%r dHhgnple od@m@ﬁn@da ptda® HIBUATIgMhéM Of
0.2 vol -% CNC particles dispersed into the adhesive against the alignnent
time is Qbmmedlenaﬁlygaslgexameleslol idline is guide to eye. The curing was
performed i mediately afterwards at 100 OC for 6 mnutes. The materi al

remai S ¢ ng{%g&f—_@;e al ov@%&ﬁﬂﬁ% %?glegﬁ{;'@éﬂ%ﬁbxv éﬁ%ﬂl{eﬂvﬂd 1%9]& ﬁjegs%h léngﬁl ment

is main I's exanpl e concer versat|i hoi ¢
al i gnnmenfiliaeneh iﬂthasasawd‘lelré theshatrk ésadhesivée. [ hepatigamant alsumahrsaﬁtheaﬂechedes

enpl oyed not only with eI ectroges_ connecte to he i tion er but
al so witHo é‘Pbt@P?lbﬁ‘één%? é%lﬂ'!e;f‘ ligagent; o8 é’r %tPnthgﬂﬁPéf&eedur e

was ot hepyh&ai %mlk&fodeQafehﬁ&védnc&%ﬁﬁBuseorlst é)bs"l.fze mtref)déc% daaly bihersmtiagi al

directly connected to the alli gnnent el ectro t he el'ectrodes were
el ect ri céidaligdiveny thieallews dantinuousaligament mbcdsymgnThrn@mmhlmgptlwéar the or

ant o St RCR  0iieg i Fio0 30 FEPS dht FE A0 Bl C-ana

thus freeptepReticabccttdBAwbdil dle@rmRIas (ag ahf ehabRE (BNEBYI the tAR (ADtHd Aighsd film
adhesi ve. "The alignnment also occurs if the electrodes do not touch the

mat eri al ferms psomanseat egringetiambetvesn the elssrodnsniidhe easa(B) theslegiiodes aRgen t he
mat eri al n%?e(ill ?%}Il%ﬁotéﬁ}p f%%§el9§o€inéﬂ)t\6gaherca&fatdaﬁ 8@ ¥rvovl aﬁ&r? Qﬁ\érsa?ign}Mefnhh{ fiRRed to

each ot hers
(C) there are insulating layers (c) between the material and electrodes and they are easily

15 moved apart after the alignment even in the case where the material is an adhesive. In this case
the obtained material is a multilayer consisting of aligned layer (b) and two insulating layers
(c) In the case (D) the alignment is carried out from the distance and the mutual location of

electrodes and film can be additionally moved during the alignment.
Example 3

20  This example concerns the applicability of the alignment method, the use of alignment for
particular application of UV-curing. This emphasises the benefit of low particle fraction which
makes the material better transparent for UV light for curing.

The procedure was otherwise similar to that in example 1 or 2 but the thermally cured polymer
matrix was replaced by UV-curable Dymax Ultra Light-Weld® 3094 adhesive and the curing
25  step was done by the UV-light with the wavelength 300-500 nm.

Fig. 4 illustrates the alignment of 0.2 vol-% CNC dispersion in out-of-plane geometry. The
mixture was formed following the guideline of example 1 (Fig. 4a) but spread on the

alignment electrode using RK Print Paint Applicator that uses a moving bird applicator to



the alignnent, this allows continuous alignnent processing. Three possible

options for the alignnment settings are illustrated in Fig. 3 that shows

al i gned fwbrmowitsim4gA- B) and wit hout (CD) el ectrical contarin20aiovesn

el ectrodes (a) and material (b). In ttae case (A) the aligned filmforns

per manent connection between the electrodes. In the case (B) the el ectrodes
and material are only | oosely joined together and can be noved apart after

al i gnme nlevel the hhleesmsleye(r@) thelpredeteaxmenddrtbick adsss Ifthe lidoads schematibaltywastratérbin

mat eri al ctrodes and the re easi|l ved art afte | i gnnment
oven i n Fib bhdBRaBns e e g Sifang pemBet QuihEd in fabibled B fg' ¢

obt ai ned uﬁFér%[éc%dé \%as?tn&ﬂih Ebﬁtﬁé’t‘%lﬂ?ﬂi@ %ﬁa‘iériaﬂ By Qe 8f ADMSElatify Ryer(dath agd two

i nsulating layers (c) the case (D) the alignnment is carried out fromthe

di st anceKaptnt(Fig. f@t thais alllqmaltemwaldff eldctrodescaftes aligrmént|and dus fisestartling i onal | y

ol i Eabri ey AR o AR i AR R gt BT e ROGRAAD. dEoner, oot o

applicath nt bécGodd BFemdVidangriibac aksixture clred & i IUTV of bthWgnla(FlgC‘kB.
fraction ich makes the material better transparent for WV li gd t for

curing. Theloweselegtipde cansbeniionallsremavad (Hig. 49 to frm 3 llydegeptandingiilng ¢

the thermally cured polynmer matrix was replaced by UV-curable Dymax U tra

Li ght - Wb%g@%%ﬁg@%g@%gnm IFIV%uHH%'G&dﬁE% YRGclE0RE dgy)efss@wm{ﬂvg ht

with the run. Fig Il Tustrates the alignnment of
vol - % CNeurdblepetysnamatrix Gajt This-npkaneisgpragto fornithpredétemined lnasr droﬁlned

fol | ow th i del f I Fi but t

el o oaguistnisg ke ke Seat Hiepsat et whk o8 bRl T0 e pfer® 17"

appl i cat Qﬁ%ﬁeG'H?r\é‘i’éctﬁ@ﬁelﬁdﬁﬁ@léMeﬂ A@fodk @nd Eﬁ)tﬂérﬁdﬁle%ﬁbdﬁﬂat &ies Iﬁﬂﬁl%ﬁcl{ the

i dea is scC tlcaa)l(l l)ustrated in Fig dHi}@aThls adm xture was allgned
eup

fol | ow ngletm@te?]@lt(ﬁb ¢rredagtrode mampv@ an lignedupizgire i %er‘éﬁéﬁg hghtnot
(P o 2 SOVDoltE TR ey Y st BB AR RL R S e e Tyt o

f r eest andieb@odd dagl rbecédﬂinbﬁaley/emdved Idaemgas a Wﬁee-kﬂaﬁdlﬁghrlgnedl fﬂna(dmesu ve.
After alignnent, the upper alignnent electrode is renoved and aligned

adm xture cured by W or blue light. (Fig. 4d).
15  Example 4

This example concerns versatile choice of alignment geometries and illustrates how the
invention can be employed not only in the geometry shown in example 1 but also in (i) thin

films and (ii) in in-plane geometry. This example underlines the generality of the method.

‘The material was the same and the procedure similar as in example 1, but instead of out-of-

20  plane alignment geometry, in-plane alignment geometry was used.

For the in-plane alignment a ~10 um thick layer was spread either by spin-coating or by
plastic spatula over 1 cm X 1 cm area of metal finger grid where the thickness and width of
fingers, respectively, were 50-200 nm and 2-10 pm. The spacing between fingers was 10-100

pm.

25  Fig. 5 illustrates aligned and cured conductive CNC adhesives in in-plane geometry. Fig. 5a
shows an optical micrograph of 0.2 vol-% aligned material. Schematic (Fig. 5b) illustrates the
alignment setting. In this geometry the alignment occurs typically in seconds or tens of

seconds.



The | ower el ectrode can be optionally renoved (Fig. 4e) to forma fully
free-standing film Fig. 4 also gives the schematics of UV curing.

Conduct i weoparwiscises are di spersed with Uvcurabl e pol ymecTmeioiooo(z). This
m xture is spread to forma predetermsned | ayer on the substrate (that acts
al so as an alignnent el ectrode) using an applicator (b). The material is
aligned by electric field using | ower el ectrode and another top-electrode
t hat doedn amatherogesion the alignentglectrelles Were elpspioalle insplatesk Aliggmeshwgeed and
the aligned mxture is red usi.n light (UV/vis) source, which |eads to
a seni -flagl?elg‘fe edﬁaﬁtg‘/%ﬁ‘iv L] H%Sflfamgéﬂ%'.er'lf required, the |ower electrode can
be additionally renoved leading to a fully free-standing aligned film(e).
Exanpl e £xdiapk £xanpl e concerns versatile choice of alignnent geonetries
and illustrates how the invention can be enployed not only in the geonetry

shown in_exanple 1 but also in (i) thin filps and.(ii),.i.n in-plan

geonet r y Thigfxemplecagcerns Nefsatile ﬁé%‘c? ﬂg‘"’ltfé‘mfphg‘?oﬂ?et%és %‘ﬁéhmﬁﬁ%ﬂ‘f’“‘r‘ﬁl&

mat erkal ; 1 he. _tigh -p Withbtt well
st cad o S e O QT PRl I35 Pl B T el
used. Fodefilma ¢lectppdanikutalsogrimmthe geomerynand diéatiode ahyape inarbitegyy cHus exanhple by

Spi n-coat i .or | ast.i c atul a er .1 ecmx.1 rea of tal finger
grid mepagﬂg'“gesttﬁgg%%%gy gﬁﬁg\ﬂlﬁbﬁd‘gﬁn% ?lﬁoggl}‘g',%at?setglﬁrqetgf PG%W,CH%F%H%IO- 200 nm
and 2- 10 r¢qhire BNArfaga6H inferfaed paelel ftd Henferpi@mg alifneiGfatimaysFi g. 5 illustrates
al i gned and cured conductive CNC adhesives 1 n I n-plane geonetry. Fig. 5a

shows an optical mcrograph of 0.2 vol-%aligned material. Schematjc (Fig.
5b) i | | udthe materialwerg|q tthe;same 3qg the procedure sigylasas In SREPASS ydmdrfir 4

occuys typi @@He%laof&mﬁg@%%g?gﬁ?faﬂga i@{ymﬁgg@gé@ &cgpgtéﬂ&&mnsg, shffadyhe

al i gnnment "el ectrodes re ctrica t ed. gnnment was achi eved

exact|ly gsometiyand arbitmny electnglel shype welexaep|Fig.% shohins asoptipd] enicgeaphnd an

versatile _chojce of ali nt geonetries .and illustrates how th
aligned mater?al vehe gar;'brtlttarary é’eometry ang arbaltrary ellectro e ghapes Were used.

Example 6

This example concerns further versatility of the invention, the use of electric field alignment

15  when preparing electrodes with very large contact area dendrimer surface.

The procedure was otherwise similar to that in examples 1, 2, 3, 4, or 5 but the alignment was
terminated before the chains reached from electrode to electrode. Fig. 7 shows thus obtained

electrodes with dendritic surface.
This can be used for making a film for use in batteries or capacitors.
20  Example 7

This example concerns the materials selection for the procedure described in example 1, 2, 3,

4,5 or 6.

Polymeric material, including polyvinyl chloride resin, suitable for the described alignment
process for flooring may be homopolymers, or copolymers, consisting of vinyl chloride and
25  other structural units, such as vinyl acetate. To protect the polymeric material from
| degradation during processing and during its use as flooring material, vinyl compounds may

be stabilized against the effects of heat and ultraviolet radiation, using e.g. soaps of barium,



i nvention can be enployed not only in the out-of-plane and in-plane
geonetries with flat well defined el ectrodes but al so when the geonetry and
el ect rodewehapeisisiiar bitrary. This exanpl e underlines tireTgwrerconisy of the
met hod. This also illustrates that the alignnent does not require a surface
or interface parallel to the energing aligned pathways. The materials were
ot herwi se the sane and the procedure simlar as in exanples 1, 2, 3, or 4
but i nst eadiuaf amiuingforginartin empoungds; zpexidized norbtangilsapd tatlaterrsters ot organic

el ectrodes, grbitrary geonetry and arbitrary el ectrode shape were used.

Fig. 6 SHE%? UeS-optical micrograph of an aligned material when arbitrary
geonetry_and arbitrary el ectrode shapes were used,. Exanpl e. 6§,.This exanpl e
concer ns Pplymieris/majenals may icP?/taB’fPﬁ't‘%ﬁ’élzieWQ provide Tprbiligsencip Tarilitars processiogg

al i gnmnbn}%’@ﬁi‘i’a@é g@eﬁéiﬂg iseéliﬁt&kf AR DOPIEOMetAudEbIE ORE SRRy BciRtedendr i mer

surface. The procedure was otherwse simlar to that in exanples 1, 2, 3,
4, or55 butylteheylghigiate (BBNaslkykryliphasmutdscotberphthaate kstersof bethodiphiatic ad
dendr {1 ot AREholf LoBE s FRH b R G: APt P POIRBERelh bat t er es
e I N S I I e R
i ncl udi “?11%%%&1&{& nfald, AblotPad ERidkness bk h AsEndbH cdsh aHdGaetd AeFbataleRapnt
process for flooring may be honopol yners, or copolyners, consisting of

vi nyl chkarboutde,dalds, sldyeang feldsparst Whitgrpigraentsan he titaniio dioxadeeandtcelouresd

protect the | yneri.c t.erial. from degradati on during processing and
duri ﬁ@ i Pbgrllfglgs %gpqugg VABC&EEri al , vinyl conpounds nay be stabilized

agai nst the effects of heat and, ultraviolet radiation, .using e.dqg. aps of
bar i um cQithsr addisives %“rh,e_; uSSﬁE 5%1?1"(9—“_%?’?“& B?Fﬁﬁfﬁ fm%li?cr%@aﬁzaﬁ‘%’ﬂ d%'g@lg %B%S@?efég and
tallate gshBhhde ﬁn&&&gﬂmﬁinqhﬁﬁﬁﬂa&%ﬁnwymsﬁue,l pRLSHatAbSchIGHhatNt ai N

plasticizerS to provide flexibility and fo facilitate processing.
hydrocarbon plasticizers, zinc oxide, and boron compounds. Cushioned flooring containing

chemically expanded foam can be compounded with azobisformamide blowing agents.

15  Various other processing aids and lubricants may also be employed.

The amount of filler can be less than 1% or up the 80% of the weight, whereas as vinyl resin,

other resins, plasticizer and stabilizer can be less than 1% or amount to 20%.
Example 8

The procedure was otherwise similar to that in example 1, 2, 3, 4, 5 or 6 but the aligned

20  material was used produce a top layer that is laminated with the flooring material.
Example 9

The procedure was otherwise similar to that in example 1, 2, 3, 4, 5 or 6 but the aligned

material was used as a part of furniture or work-station.
Example 10

- 25  The procedure was otherwise similar to that in example 1, 2, 3, 4, 5 or 6 but the aligned

material was used as a part of shoe or a gasket.

Example 11



One suitable plasticizer is dioctyl phthalate (DOP). O hers suitable ones
may i nclude butyl benzyl phthal ate (BBP), al kyl aryl phosphates, other

pht hal at evebsws1afi both al i phatic and aromati c al cohol ecTmNO2010/000d42d

hydr ocar bons, and vari ous other high Boiling esters. The stabilized and

pl asticized vinyl forrmulation is mxed wth varying anounts of inorganic
filler to provide mass, colour and thickness at a reasonable cost. The
fillers Whypiveedimt eiasintheewibosiatilar ta thhtia examplesl, 2nd, 4, 6ladt Sphutsthe Yligned pi gnent
can be titani Jém di oxi dep&%ng c(g(l oured pi.gnments are preferably inorganic.

O her adBRITFeWaLY 358 PAEL) PR AETE B2 ' 3ne spread and snoke generation
during a _fire. These conpounds include alumna trihydrate, antinony

trioxi defx §éﬁat e or chlorinated hydrocarbon plasticizers, zinc oxide,
and boron conpounds. Cushioned flooring containing chem cally expanded foam

can be c&hppeaedue wes pthevese similaptmihanskampled . 2gdrft $ or gt Higaligedr

pr ocessi i | ubri.cant y. . enpl oyed. The anount of filler
can ESZ Iglg%e%?ﬁ\g'% A)a(s)‘;ilf)&%to?ﬁebﬁgg&)%?hﬁaﬁggﬁei ght, whereas as vinyl resin,

ot her re insl gifasti ci zer and stabilizer can be less than 1% or anount to
20% Exaﬁﬁq”é’j he procedure was otherwise simlar to that in exanple 1, 2,

3, 4, 5 6 but the aligned. erial was usg roduce top |l ayer,that is
| anmi nat eﬁﬁ‘?/\P’toﬁe e e B@Fﬁgﬂée ﬁg’?]t@f fayfnat 1&%&%‘5}"8%%&%@6%&6’6&5 %Qe%p herw se
simlar paiehiilvad Mad@iPh Shebt ofup t%i(S ém i§tkﬁ¥kn@sspgfef%rgﬁ{%§sgl%1dl aatgri al was

used as a part of furniture or work-station. Exanp 0 The procedure was
ot her wi sthickinass|aand I¢ss thanaliOm widex Said|sheet cap theg be storgl and wed im thetpsodiictigm efi
mat ef{ al , was _used as.a part of shoe or. a.gasket. EX |l e 11The procedure
e T Pl B 2 BR0ks, RompUEs g B 61 xRy Cul s, P 01

al i gned tetfisfophingas use as a part of packaging material.



Exanpl e 12 The procedure was otherw se simlar to that in exanple 1, 2, 3,
4, 5 or 6 but the aligned naterial was use as a part of a battery or
capaci t orwoBsampi 113 The procedure was ot herw se sim | acTiND2bivet0024n
exanple 1, 2, 3, 4, 5 or 6 but the alisgned material was nmade into a sheet
of up to 5 cmin thickness, preferably less than 1 cmin thickness and | ess
than 10m wi de. Said sheet can then be stored and used in the production of

| arge parts for use in vehicles, conputers and printers, for exanple, by
cutting or thernmoformng.Clains: 1. A nethod for manufacturing an ESD
device f Ql4iniyg at | east one ani sotropic conductive or dissipative |ayer
conprising a mxture of a nonconductive matrix and conductive particles

characterised by pplyl e f the _m xture over a first surface of
the ESD devk: cémf:%@dz‘?&‘f‘m gé‘ésﬁ ngltce\ﬁ?‘gEB% aghANG AMISOTRIS t he

conductive pa%ﬁcﬁicﬁse BPdlﬁﬁﬁz{tfv@'T%r BbrhPriding B enikRYESS a RoncBRMICYVE thatiix BAECE i C
field between two al il gnne el ectrodes over the |ayer, so that a nunber of

t he cdnduct i veombuctive paticlas ehaxactgmisdd byt h t he fiel d, thus creating
conductive pathways; c. changing the viscosity of the layer to a second

viscosity, said secogr))gllg]l\é;% Y.rs?'t{l??ﬁ{lﬂ% x%hgé‘lrgthsﬁﬁaéehc?ftfu%%bd’ 8GOgLLY 1N

order to mechani®aPP preserve € con uctlve

pat hways. 2. A net hggtukdhBegod ﬂﬁwcﬁcdm@h;v}ﬁbmma\is the bandetiee patidlebyo t hat t he
matri x conprises one or nore, pol 3. A nethod in accordance with claim
2, characterised byﬂﬁﬁ@geﬂﬁbuﬁﬁﬁfﬁﬁhls an adhesive. 4. A method in

accordance with claiml1l, 2 or 3, characterised by that at |east one of the

b. applying an electric field between two alignment electrodes over the layer, so
10 that a number of the conductive particles are aligned with the field, thus

creating conductive pathways;

c. changing the viscosity of the layer to a second viscosity, said second viscosity
being higher than the first viscosity in order to mechanically stabilise the layer

and preserve the conductive pathways.

15 2. A method in accordance with claim 1, characterised by that the matrix comprises one

or more polymer.
3. A method in accordance with claim 2, characterised by that the matrix is an adhesive.

4. A method in accordance with claim 1, 2 or 3, characterised by that at least one of the

alignment electrodes is in direct contact with the layer.

20 5. A method in accordance with claims 1, 2 and 3, characterised by that the alignment

electrodes are insulated from the layer.

6. A method in accordance with any of the preceding claims, characterised by that the
electric field is in the order order of 0.05 to 20 kV/cm, or 0.05to 5 kV/cmor 0.1 to 1
kVand especially in the order of 0.1 — 1 kV /em.



alignment electrodes is in direct contact wwth the layer. 5. A nmethod in
accordance with clains 1, 2 and 3, characterised by that the alignnent

el ectr odesoavmy/isnsul ated fromthe |ayer. 6. A nmethod i npaco@dnmedn t h any
of the preceding clains, characterised by that the electric field is in the
order order of 0.05 to 20 kV/cm or 0.05 to 5 kVVcmor 0.1 to 1 kVand
especially in the order of 0.1- 1 kVv/cm7. A method in accordance with any
of the prededAngethdédinmcordhneeawitle anyselth prechding thiems | charadterifeddiydthatthan AC
field. 8 A nqthod iFIaCCQQSEn@F with claiml, 2, 34, 5 6 or 7

char act eri sed®IB§MF F5td S AR AG BFYY i s applied between the first surface and a
second surface. 9. A nethod in accordance wwth claim4, 6, 7 or 8

char act er i gedARYethbPin dcbérdahde IR Blaint 1€ 3 4 5, Bloe 7lchRiRYeri@idByethhithe field
conductive pat hway has reached through the |ayer and connected the

al i gnment el elstapplirskbetween the fisstisaefagerand asseandrivefagg-t h claim 1 and any of
the previous clains, characterised by that the matrix is totally or partly
remoued 1 om LfiGeday fil acBiiBhceSh iR oftim 16, 7 PiHkcteRisaf 6P IR HE G BhEnAY  Of
the preceding clalns, characterise I%y t'hat a concentration of the

conduct i ve pastep slintsrruptet beforathercondudhiet pathpay hes mhacled thiough kel ldyerbdd An
ESD devi ce conpri si a,conductive |ayer in accordance wth any of claim
1-1 1. 13. An° Eftﬁ‘gaﬁe@é‘gf"ﬁ‘e'é e9dfte with claim 12 characterised by that
t he device conprises a conductive or dissipative sheet or floor tile. 14.

An ESD devilgeAimetR6E R &acrdandd with 6ladh Makd afy oflhe pRAIGGI RIS SéhaPicteriséd t he
conductive particles conprises one or nore of carbon bl ack, carbon

nanodi scs, cabYthat hgmeattn ésstotatlytog pertlyremaveditpmdhe layer aftarisigpdal et al
containing particles. 15. An ESD device in accordance with claim12 or 13
charggteri sgd ' rdoX | SN =1 Al gl udes
ono B ror o Yo Heshilfin depBRiciit iy B hp SRR 2 Skl skt el by B4V,
of vinyl chl otandenteatidn ©f el conducivefparcifsiin she layer is below percolation threshold.

12. An ESD device comprising a conductive layer in accordance with any of claim 1-11.

13. An ESD device in accordance with claim 12 characterised by that the device

comprises a conductive or dissipative sheet or floor tile.

15 14. An ESD device in accordance with claim 12 or 13 characterised by that the
conductive particles comprises one or more of carbon black, carbon nanodiscs, carbon

nanocones, metals, metal oxides and colloidal metal containing particles.

15. An ESD device in accordance with claim 12 or 13 characterised by that the matrix is
a thermoplastic resin which includes one or more of polyurethane,polyvinyl chloride,

20 polyolefins and copolymers of vinyl chloride and copolymers of olefins.

16. An ESD device in accordance with claim 12 or 13 characterised by that the
electrically conducting or dissipative layer has a thickness from 0.1-5 mm, preferably

less than 3 mm.

17. An ESD device in accordance with claim 12, characterised by the device being a

25 conductive film for packaging ESD-sensitive electronics.



16. An ESD device in accordance with claim 12 or 13 characterised by that
the electrically conducting or dissipative |ayer has a thickness fromO0. 1-5
mm pref ewelby/isess than 3 mm 17. An ESD devi ce in accecd#aozeiododiyicl ai m
12, characterised by the device bei ngoa conductive filmfor packaging

ESD- sensitive electronics.18. An ESD device in accordance with claim 12
characterized by the device being an ESD gasket. 19. An ESD device in

accor dance Mi An ESRDidevi¢@inccaerdancsrwitledaby 2hchagaeterigedoby thy devishdeingaih up t o
50 cmin thicés§§s, Qreferably | ess than 5 cmthick and | ess than 10m w de.
20. An ESD de 3 h accordance with claim 12 characterized by the device
being a sheet of up to 3 cmin thickness, preferably less than 2 cmthick
and | ess t han AAEBIMiece AlacchidaicBvideviaiif 12 RhakueterilRady the Hévicd Béing 4 Zheet

characterised by the device being a filmfor use in batteries or )
capacitors. ©ofupto50cm in thickness, preferably less than 5 cm thick and less than 10m wide.

5 20. An ESD device in accordance with claim 12 characterized by the device being a sheet

of up to 3 cm in thickness, preferably less than 2 cm thick and less than 10m wide.

21. An ESD device in accordance with claim 12, characterised by the device being a film

for use in batteries or capacitors.



